BACKGROUND: Research information for children is often presented in a manner that is difficult to understand. We designed this study, therefore, to examine the effect of improved readability and processability of written study information on childrens' understanding. METHODS: One-hundred-ninety children aged 7-17 yr who were hospitalized for a surgical procedure or medical treatment were randomized to receive study information using either a standard form or a modified form with improved readability and processability. Children were interviewed to determine their understanding of eight study elements, including the risks, benefits, protocol, etc., and their responses scored by two independent assessors. RESULTS: Children who were randomized to the modified form had significantly greater overall understanding of the information and greater understanding of the protocol and benefits (P Ͻ 0.05). The modified form was particularly effective in improving younger children's (7-10 yr) understanding of the material. Multivariate analysis identified several predictors of understanding, including the modified format, age, reading ability and the degree to which the child read the information. When shown both forms, 81.3% of children preferred the modified form stating that it was "friendlier" and "easier to read." The use of a larger font size and pictures were particularly popular. CONCLUSIONS: Results of this study suggest that modification of study information to better fit the ages and meet the reading and cognitive abilities of children results in their improved understanding and acceptance of the material.
tion of Human Subjects (1) defines assent as a child's affirmative agreement to participate in a research study, there remains a wide variation in the interpretation and requirements for assent by IRBs (2) . Under the National Commission's definition, assent is limited to a preference for participation, and thus does not require the same level of understanding as parental permission (3) . Nevertheless, in many cases, it would seem important that in giving their assent, child subjects have some understanding of what will happen to them and the risks and benefits of participation. Several studies, however, suggest that many children have poor understanding of both observational and randomized controlled trials (4 -6) . In one study, only 50.5% and 41.9% of children had complete understanding of the risks and the protocol, respectively (6) , and in another, 36% of children in a trial were unable recall any aspects of the study information (4) .
Although there is no consensus regarding the use of a separate assent document for research (2) , many IRBs require their use when presenting study information to children; therefore, it is important that, if required, assent forms be written and presented in a manner that optimizes understanding. Unfortunately, consent and assent forms are often written such that many adults and children have difficulty in understanding even the basic elements of a study. Although various strategies have been used to enhance research subjects' understanding of study information, none have proven universally effective (7) . Furthermore, there are very little data that address children's understanding of research information. This study was designed, therefore, to examine the effect of improved readability and processability (a function of format and layout) on children's understanding of written study information. In addition, this study sought to identify characteristics that predict understanding among child research participants. consent and assent was granted. The study population included pediatric patients aged 7-17 yr who had been hospitalized after an elective surgical procedure (ASA I-III) or medical condition. Children who could not read, who were cognitively impaired, or those with emergent or serious illnesses were excluded. Parents and children were approached for consent and assent in the child's inpatient room after surgery or treatment. Each was told that we were examining ways in which to improve the manner in which study information is presented to children. The children were told that they would be required to read some information about a study and then answer some questions regarding the material.
Children were randomized to receive information about a study of postoperative nausea and vomiting (PONV) formerly conducted in our department, in one of two ways: 1) standard informational form; 2) standard form modified by a reading expert to reflect the average reading ability of this cohort of children and to conform to the federal literacy guidelines for readability and processability, i.e., seventh grade reading level and a processability score of Ͼ60 of 100 (8) . Processability was measured using the format described by Irwin and Davis and modified by Philipson et al. for use with consent documents (9, 10) . Processability scores are based on the presence or absence of criteria for the five components of comprehension, i.e., integrative processing, microprocessing, metacognitive processing, elaborative processing, and macroprocessing. A processability score of Ͼ60 of 100 is considered acceptable (8) .
The methods used to modify the standard form including the use of bullets, bolding, increased font size, and pictures have been described in detail elsewhere (11) . The original standard form had been written at above the eighth grade level and with a processability score of 52 of 100. With the help of a reading expert, the standard form was rewritten to reflect a seventh grade reading level and a processability score of 70 of 100. Although we acknowledge that this reading level was above that of some of the children, particularly the younger ones, we chose seventh grade as the average reading level of this cohort of children. One should note, however, that despite simplification of the standard form, care was taken to retain all the important elements. An excerpt of the modified form is shown in Figure 1 .
In an attempt to measure understanding in the context of the "process" of assent, children were also given the same information verbally using a standard script in age-appropriate language. Children were informed that they would not be participating in the actual PONV study but that they should consider the information as if the study were real.
Measurement of Child Understanding
Children were given as much time as they needed to read the information and were then interviewed to determine their understanding of eight informational elements. These included the purpose of the study, the protocol, risks, benefits to themselves (direct) and to others (indirect), the alternatives, voluntariness, and freedom to withdraw. The interview was presented in a semistructured fashion and the children's openended responses were transcribed verbatim by trained research assistants. Interviewers were allowed to prompt the children for further information but were not allowed to guide their responses. The children's levels of understanding of each of the informational elements were scored independently by two assessors who were knowledgeable about the PONV study but blinded to the child's group assignment. Further details of the interview process and method of scoring are described elsewhere (12) . Scores of 10, 5, or 0 were assigned to responses indicating complete, partial, or no understanding of each element, respectively. In addition to the assessors' measures of understanding, children were asked to rate their own level of understanding using a 0 -10 numbers scale (where 10 ϭ complete understanding).
Measurement of Child Reading Ability
In addition to the questions related to understanding, children were asked their perceptions of the amount, clarity, and understanding of the information using Likert type scales. Demographic information was obtained from both parents and children. At the end, children were shown both forms and asked which they preferred and why. Children also completed the shortened version of the Slosson Oral Reading Test (SORT-R3) (13) . This test has been validated for use in children 4-yr-of-age through adulthood and takes 3-5 min to complete (14, 15) .
Statistical Analysis
Statistical analyses were performed using SPSS ® statistical software (SPSS, Chicago, IL). Sample size determination was based on a previous study that showed that children's overall understanding of a standard informational form was 5. Accepting a 20% improvement in overall understanding as clinically important, we required a sample size of 95 children per group (␣ ϭ 0.05, ␤ ϭ 0.20, twosided). Comparisons of parametric data between groups were analyzed using unpaired t-tests. Nonparametric data were analyzed using Mann-Whitney U, 2 , and Fisher exact test, as appropriate. When appropriate, the Bonferroni correction was used for multiple comparisons. Correlations between ordinal variables were performed using Spearman's rho () correlation coefficient. In comparing the assessors' scores of understanding (Likert scale) with the children's perceived understanding (0 -10 numbers scale), z scores were first generated to control for the different metrics.
Factors that were found to be significantly associated with understanding by univariate analysis were entered into a multiple regression model. Inter-rater reliability between the assessors' scores were performed using Cohen's kappa () statistic. values of Ն0.4 were considered to represent acceptable levels of agreement and correlation. For age comparison purposes we divided children into "younger" (7-10 yr) and "older" (11-18 yr) age groups. This age cut-off was based on a previous study that suggested that understanding of study information improved substantially after the age of 10 yr (6).
RESULTS
Three-hundred-ninety-two children were approached to participate in this study, of whom 202 either declined participation or did not meet the study's inclusion criteria (Fig. 2 ). Data are thus presented for 190 children (95 per group). The average age of those who declined was 11 yr and 54% were male. Eighty-three percent of those who declined were white, 10.9% were African American and 2.5% were Hispanic. These demographics were very similar to those of the final study sample.
Demographics
There were no differences in the demographics of the children between the two groups. Furthermore, there were no demographic differences between these groups by age ( Table 1 ). The average grade reading level of children in the study was seventh grade (range, grades 1-12.5) and was similar between the groups. The average grade reading level of the younger and older age group children was fifth (range, grades 1-12.5) and ninth grade (range, grade 2-12.5), respectively. Reading ability was significantly correlated with understanding ( ϭ 0.50, P Ͻ 0.001). There was excellent inter-rater reliability for scores of understanding between the two assessors. Statistics for each of the elements ranged from 0.90 to 0.98 (P Ͻ 0.001).
Understanding
There was a trend towards greater understanding of all the informational elements among those who received the modified form (Table 2) . Specifically, children who were assigned to the modified form had greater overall understanding of the study and a greater understanding of the protocol and benefits to others.
Not surprisingly, the older children (11-17 yr) had, overall, greater understanding than the younger children (7-10 yr). However, the differences between age groups were far more marked among children who had received the standard form (Table 3) . Overall, the older children's perceptions of their understanding were significantly greater than the younger children (7.6 Ϯ 2.0 vs 5.9 Ϯ 2.5, P Ͻ 0.001); however, both groups overestimated their understanding when compared to the assessors' measured levels of understanding [older 7.6 Ϯ 2.1 vs 7.2 Ϯ 1.9 (P Ͻ 0.05), younger 5.9 Ϯ 2.5 vs 5.2 Ϯ 2.4, (P Ͻ 0.05)].
Preferences
Twenty-one percent and 13.7% of children who received the standard form reported that it contained "too much" information and was difficult to read compared to 9.5% and 5.3% in the modified group, respectively (P Ͻ 0.05). This perception was particularly evident among the younger age group. For example, 30.6% and 34.3% of younger children reported that the standard form was difficult to read and had "too much" information compared with 3.4% (P Ͻ 0.001) and 13.6% (P Ͻ 0.05) among the older group, respectively. When shown both forms, 81.3% of children chose the modified form. Preference for a particular form was independent of reading ability, understanding, and demographics, although more girls than boys tended to prefer the modified form (86.5% vs 75.3%, P ϭ 0.052). Children who preferred the modified form stated that it was "easier to read," "friendlier," and "more appealing." These children also liked the larger font and use of pictures. Some of the children who preferred the standard form found the pictures distracting whereas others thought that it was "more professional" and contained more information.
A number of factors were found by univariate analysis to be associated with improved understanding. These factors included older age ( ϭ 0.39, P Ͻ 0.001), superior reading ability ( ϭ 0.50, P Ͻ 0.001), the modified form ( ϭ 0.20, P Ͻ 0.01), and low anxiety ( ϭ 0.15, P Ͻ 0.05). Improved understanding was also associated with children who perceived that the amount of information was "just right" ( ϭ 0.19, P Ͻ 0.05) and "easy to read" ( ϭ 0.42, P Ͻ 0.001), together with those who had read the form "completely" ( ϭ 0.24, P Ͻ 0.01) and believed that they had "enough time" to read the form ( ϭ 0.22, P Ͻ 0.01). These factors were subsequently entered into a multiple regression model with stepwise selection. Multivariate analysis of these factors yielded several independent predictors of understanding (Table 4 ).
DISCUSSION
Given that the basis of assent in children is simply to establish a preference for participation in a research study, the informational requirements are less defined and regulated than for parental permission (3, 16) . Despite this, it would appear important that children have some understanding of what will be done to them, the potential risks and benefits, and the voluntary nature of their participation. Results from this study, however, support the findings of others that many children have poor understanding of study information (4 -6,17 ). This appears, in part, due to the fact that study information is often written and presented with little consideration for the literacy, cognitive abilities, and preferences of children.
Although several studies have examined methods to improve the understanding of written treatment and research information, none has proven universally effective (7) . The techniques used have included modifying layout, simplifying vocabulary, highlighting important points, increasing font size, and incorporating illustrations or multimedia effects (7,10,18 -23) . Many of these studies, however, have focused on adult populations, and there are very little data addressing interventions to improve children's understanding of research information.
Previously, we showed that parents' understanding of consent information was increased by improving the readability and processability of the consent document (11) . Consistent with the present study, parents randomized to receive a modified form also had significantly greater overall understanding of the material and greater understanding of the protocol, study duration, risks, and direct benefits. Similarly, a large majority of parents preferred a modified form (81.2%). Results from the present study support these findings and reinforce the importance of improving both the readability and processability of written study information.
Although child assent cannot be equated with parental consent, it nevertheless serves to remind us that children deserve to be treated with dignity and respect (24, 25) . Furthermore, allowing children to evidence a preference for research participation may play an important role in their development as autonomous individuals and in enhancing selfesteem (25, 26) . Although there is no mandate for the age of assent, recommendations by the Committee for Bioethics suggest that assent be sought from children over the age of 7 yr (1). Wendler and Shah, on the other hand, believe that assent should only be sought from children over the age of 14 yr, arguing that by this age children can appreciate the concept of altruism and are capable of making autonomous decisions (27) .
Although the older children in this study had greater overall understanding of the information than the younger ones, the observation that the modified form appeared to close the gap in understanding between the younger and older children is extremely compelling. This suggests that use of a modified format will be important in providing younger children with developmentally appropriate information that can enhance their decision-making abilities.
A few points regarding the limitations of the study design are warranted. Despite simplification, the modified form was still written at a reading level above that of some children, particularly the younger ones. Thus, one would naturally expect those with poor reading skills to have poorer understanding. We should note, however, that several of the younger children were able to read at the 12th grade level and, conversely, some of the older children had very poor reading skills. This observation reinforces the concept that age as a sole criterion for assent may be discriminatory in that it does not consider the child's maturity or reading ability. Therefore, unless mandated by an IRB, the decision regarding the ability of children to provide assent should be individualized based on a number of factors including the parents' perception of their child's ability to provide meaningful assent, the child's reading ability, and their overall maturity.
On the basis of the wide range of reading abilities of school-aged children, we attempted to prepare a document that conformed to the average reading ability of this age-cohort. Although this approach may not be optimal, it is somewhat impractical in the clinical setting to provide multiple assent forms written to satisfy all ages and/or reading abilities. Thus, although we fully acknowledge that further refinements of the standard form may have produced even greater improvements in understanding, we were, nevertheless, able to demonstrate that a single assent form written with improved readability and processability can result in improved understanding, regardless of age or reading ability. Future studies designed to refine this process and further improve children's understanding of study information are, therefore, needed. Another potential limitation was that although we measured children's understanding of a real study, it was, nevertheless, presented in a simulated format. This approach obviated any concerns regarding the ethics of recruiting children to a study using an untested form. Although one could argue that simulated methodology may not fully reflect the real life situation, several studies have confirmed the ability of simulated studies to approximate real behaviors (27) (28) (29) .
Given that a large number of children declined participation, there is a potential for selection bias. For example, approximately half of the decliners reported that they were simply not interested in participating and, thus, one might be concerned that only the more motivated children were recruited. Although this may simply reflect the vagaries of research involving children for a study that offered no apparent benefit, we should also note that the demographics of the children in this study were almost identical to those of a previous study of child assent that had a higher participation rate (Ͼ75%) (6) . We should also note that although only 9% of children declined due to acknowledged poor reading skills, others may have given other reasons rather than admit that they had reading difficulties. Thus, although the demographics of the children who declined were very similar to those of the study sample, the potential for a selection bias cannot be discounted.
The sample size for this study was calculated based on an expected difference in understanding between children receiving the standard form and those receiving the modified form; therefore, the sample may not have been sufficiently powered to detect all univariate and multivariate comparisons, and, thus, the potential for a ␤ error cannot be discounted. Finally, we should note that the standard form used in this study represented one study at one institution and, as such, may not be generalizable to all situations.
Results of this study demonstrate that improving the readability and processability of written assent information increases the understanding and acceptance of the material by adolescents and young children. The observation that the modified form appeared to close the gap in understanding between the younger and older children is extremely important and suggests a simple strategy to enhance understanding among these vulnerable research participants. Although more studies are needed, these data may be important in suggesting a more child-friendly approach that takes into consideration children's reading and health literacy, learning abilities, and preferences.
